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Abstract 
An environmental water releases to the Snowy River was made in October 2011 (12,000 ML/day) as part of 
the Snowy River Increased Flows Program.  The effects on the inlet entrance morphology and tidal response 
were measured on four field trips for each release to cover the flow peak and recovery. Water level recorders 
were deployed in the principal channels over the period of the releases and for the prior two months  at 
Marlo. The EFR raised waterlevels in the estuary but the change was attenuated by the large storage 
capacity and the relatively open entrance. Entrance scour was minor as the entrance channel had been 
enlarged by a previous catchment flow of greater magnitude than the EFR Scour primarily occurred in the 
intertidal zone, showing that the entrance was close to equilibrium for the EFR. This result was confirmed by 
analyses of the sediment transport capacity and through use of an attractor plot. 
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1. Introduction 
Over the period 5 to 24 October 2011 a spring 
“snowmelt” Environmental Flow Release (EFR) of 
stored water was made to the Snowy River via 
Jindabyne Dam, as part of the Snowy River 
Increased Flows program. A total of 84 Gigalitres 
were released over a 19 day period, with a 
maximum discharge rate of 12,000 ML/d over 
three days. The aims of the release were to scour 
the riverbed sediments and start to create a better 
defined channel between Jindabyne and the 
Delegate River. The EFR provided an opportunity 
to assess the influence of a fresh flow on the 
Snowy River estuary and in particular to assess 
any geomorphic changes to the estuary entrance 
channel. 
 
Entrance changes in response to fresh flows have 
been noted for many years but published studies 
are few.Lauchlan Arrowsmith and Hinwood [2] 
conducted a 3 month model simulation of the 
Snowy River estuary, during which a natural fresh 
flow occurred. The model study included full 3D 
hydrodynamic and morphological modelling of the 
estuary, with  simulation of coastal wave action.. 
During this period river inflows were gauged and 
waterlevel data were collected in the estuary and 
an initial Lidar survey was available. Mclean and 
Hinwood [4] assessed the smaller 2010 spring 
EFR in the Snowy using the same methodology as 
in the 2011 release, described below. These two 
studies did show minor scouring during the small 
fresh flows. 
 
The aims of the 2011 estuary study were to assess 
the salinity changes  the Snowy and Brodribb 
estuarine channels, and to define any geomorphic 
changes to the entrance channel of the Snowy 
River. The latter topic is the subject of this paper 
while the salinity aspects of the study are to be 
reported in a later paper  The next sections decribe 
the Snowy River and the data collection program. 
Section 4 describes the river inflows, the 
waterlevel observations, then the findings of the 
entrance surveys. Section5 uses these findings to 
assess the state of the entrance during the EFR, 
showing that it was close to equilibrium for an 
event of this magnitude and duration. 
 
2. The Snowy River Estuary 
The Snowy River rises in the Great Dividing Range 
in south-eastern New South Wales and flows 
generally southward, entering the Tasman Sea in 
north-eastern Victoria. For the last 24 km to the 
coast the river passes through rich alluvial flats 
which are subject to periodic inundation by the 
river (Fig. 1). The much smaller Brodribb River 
joins the Snowy River a few km from the sea via 
the tidal Lake Curlip just upstream from the town of 
Marlo. Closer to the sea, Corringle Creek enters, 
via the tidal Lake Corringle, carrying only local 
drainage. 
 
The coast at the mouth of the Snowy River trends 
east-west and is exposed to waves from the sector 
east-south-west. Because of the limitations of 
fetch, extreme storm waves are likely to result from 
south-easterly storms, causing longshore transport 
of sand from east to west. The greater frequency 
of storms from the southwest leads to a dominant 
sand transport from the west towards the east. At 
nearby Lakes Entrance, the same pattern is 
observed with a net west to east transport of sand 
in the order of 100,000 m3/yr. The estuary is a 
barrier type with the entrance constricted by the 
barrier of marine sands, opening to a deeper and 
wider drowned river channel. 
 
While rainfall is distributed through the year, it is 
heaviest from May to December, in particular in 
September and October. The driest months are 
January to March, although periods of low flow 
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may occur at any time throughout the year and 
some of the highest flows on record have occurred 
in these typically drier months. From 1965 the 
runoff from about 15% of the catchment has been 
captured by the Snowy Mountains Scheme  and 
diverted out of the catchment, reducing typical and 
dry weather flows. andand the spring season high 
flow of cold snow-melt water. While freshes and 
floods due to rainfall events are of short duration, 
with a rapid rise and slow recession, the snowmelt 
high flows were typically of much longer duration. 
 
In the late 1990s the NSW and Victorian state 
governments and the Commonwealth agreed on 
the Snowy River Increased Flows, to return water 
to the Snowy River, of which the re-introduction of 
a spring snowmelts signal is a key component. 
Two spring EFRs have been delivered: in 2010 a 
peak discharge of 3,080 Ml/d and the present 
Spring 2011 release of 12,000 ML/d at Jindabyne. 
 
 
Figure 1   The Snowy River Estuary, showing the 
tide/temperature/salinity  recording stations, October-
November 2011 (Orbost, Corringle & Cape Conran 
tide/temperature). BJ Brodribb Jetty; CJ Curlip Jetty; US 
Upper Snowy 
 
3. Field study 
The data collection was conducted on four field 
trips, each of 3-5 days duration, at approximately 2 
week intervals in October and November 2011. 
The trips were timed to obtain one set of data 
before the arrival of the flow release peak, one 
right at the end of the peak flow when the entrance 
was expected to have maximum scouring, and two 
to characterise the early recovery of the entrance 
channel dimensions. Tide and salinity loggers were 
deployed at stations along the Snowy and Brodribb 
River channels (Fig. 1) and tide loggers were 
installed at Orbost, Lake Corringle and Cape 
Conran; the water levels were tied to AHD. On 
each trip the loggers were downloaded and 
restarted. At Lake Corringle and Cape Conran the 
water depth at the gauge site proved too shallow 
and tide readings from these locations have not 
been used..  Data on the environmental water 
releases at Jindabyne were obtained from NSW 
Office of Water. The discharges in the Snowy 
River at Jarrahmond and the Brodribb River at 
Sardine Creek were obtained through the 
Department of Sustainability and Environment, 
Victoria, meteorological data for Orbost from the 
Bureau of Meteorology. 
 
 
Figure 2   River discharges and field trip dates. Green: 
Field trips; Red: Snowy River discharge showing the 
Environmental Flow (at Jarrahmond); Blue: Brodribb 
River (at Sardine Creek). 
 
On each trip a survey of the entrance channel was 
made, comprising a low-tide waterline mapping, 
spot heights at intertidal scarps and bank crests, 
and a hydrographic survey of the areas below low 
tide level. The entrance hydrographic survey was 
performed using a CeeducerPro survey-quality 
echo sounder with integral Differential GPS  
location. The low-tide mapping of the channel 
boundaries and spot heights were made using an 
Real Time Kinematic survey system, linked to the 
VicCOR survey network. Temporary tide boards 
were installed in the estuary and seaward ends of 
the entrance channel during these surveys and 
were set to AHD. 
 
4. Results 
 
4.1 River inflows and waterlevels 
The discharges of the Snowy and Brodribb rivers 
for July-November 2011 are shown in Fig. 3c. The 
two sites display similar hydrological patterns 
through time, but the Brodribb River discharge is 
typically 5% to 10% of that in the Snowy River.  
These data show several flood peaks of very short 
duration, with a rapid rise, followed by weeks of 
gradual recession.  A flood of 53,000 ML/d 
occurred in the Snowy River on 21 July and the 
Brodribb peaked at about 15,000ML/d due to 
unusually heavy rainfall coming from an East 
Coast low, situated to the south-east of the study 
area.  A fresh of 12,900 ML/d occurred in the 
Snowy River on 11 August.  Another minor fresh 
occurred after the EFR on the 11 November (just 
before Trip 4). The peak flow in the EFR lasted 
about 3 days in contrast to the typical storm runoff 
peaks of one day (Fig. 4) and was thus more like 
the snowmelt flows.  
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Figure 3   Analysis of the tide record at Marlo and river inflows, August-November 2011. A) Recorded tide & mean; B) 
Amplitude (upper line) and phase of the M2 tidal constituent relative to ocean (Eden); C) River inflows for the same 
period, also showing July flood prior to EFR 
 
 
Figure 4   Water levels in the Snowy and Brodribb estuarine channels - October-November 2011. The Upper Snowy 
MWL rose with the EFR peak 13-15 October but other estuary waterlevels lagged by up to a week.  
 
Selected waterlevel records obtained in October-
November 2011are shown in Fig. 4.  The general 
trends observed are typical of most estuaries: the 
upstream stations had elevated mean water levels, 
in particular elevated low water levels, reduced 
tidal amplitude and increasing tidal phase lag with 
distance upstream. 
 
The water levels in the estuary responded directly 
to the 12,000 ML/d EFR  whereas no significant 
changes in water level had occurred with the 
smaller 3,080 ML/d EFR in 2010. The water level 
in the Upper Snowy estuary responded first, with 
low tide levels rising ahead of the EFR peak. The 
rise in the other water levels lagged by one to two 
days, presumably due to the Upper Snowy estuary 
being sited on the Snowy River which had to pass 
the inflow in a relatively narrow channel while 
further downstream the flow divided, flowing down 
the lower Snowy River and running upstream in 
the Brodribb River and into Lake Corringle. The 
inflow then had to fill the latter channels as the 
water level rose, reducing the rate of rise. 
 
Following the peak inflow, the water levels 
remained high for only a day before falling rapidly 
to a quasi-stable level. This level was lower than 
the pre-release level and the tidal amplitudes were 
larger. These changes indicate clearly that the flow 
resistance in the entrance channel reduced over a 
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couple of days centred on 17 October, 4 days after 
the peak inflow, probably through scouring of 
sediment bed forms in the entrance channel, as 
changes in the cross section were minor. This 
phenomenon has been previously reported [2]. 
 
A more objective measure may be obtained by 
tidal harmonic analysis using a moving window to 
show the changes in tidal amplitudes and phases 
day by day. In estuaries with a small river flow, the 
relationship between the estuary tide and the 
entrance has been used to obtain a continuous 
surrogate measure of the entrance dimensions [1], 
and in the presence of river inflow, through the use 
of a simple dynamic model [3]. In this analysis, a 
time window is chosen and the waterlevel data 
within the window are analysed to determine the 
amplitude and phase of the leading tidal 
constituents. The window is then advanced by one 
day and the analysis repeated, until a complete 
time series of the leading constituents has been 
computed. Selection of the length of the time 
window is a compromise. The extremes of the 
estuary responses persist for only a few days. A 
window of this length would enable such rapid 
changes to be followed in time, but is too short to 
enable sufficiently reliable determination of the 
harmonic constants. On the southeastern coast of 
Australia previous work by the authors has shown 
that at least 4 constituents are required: M2, S2, 
O1, K1. From Rayleigh’s criterion, two constituents 
within a tidal record can be distinguished if the time 
window is longer than the reciprocal of the 
difference between their frequencies. For the 4 
constituents above it requires a window 14 days in 
length. This was confirmed by trial as the minimum 
that gave stable values of the coefficients and was 
adopted.  The harmonic constants from this 
analysis are not intended for tidal prediction and 
should not be used for that purpose. 
 
The clearest and most reliable information is given 
by the dominant M2 constituent, (Fig. 3B). It shows 
a gradual reduction in amplitude and an increase 
in phase over the whole period, presumably 
recovering from the major flood on 21 July, in 
which the Snowy River inflow peaked at 53,000 
ML/d. These changes are most likely to be caused 
by the entrance gradually constricting through the 
deposition of sand from coastal sources. The river 
inflow varied over this period but had relatively little 
effect on the amplitude of the M2. Dynamic studies 
have shown that the phase changes rapidly when 
an entrance is severely constricted but otherwise is 
relatively insensitive, showing that the entrance 
was relatively open during this period. The S2 
showed similar attenuation and phase changes to 
the M2. Two fresh flows occurred during the period 
3 August-10 November, one peaking at 12,900 
ML/D on 11 August followed by the EFR peaking 
at 11,900 ML/D on14 October. The smooth 14 day 
trace shows that the adjustment to the occurrence 
of these fresh flows was small and the recovery 
following them occurred very rapidly.  
 
4.2 Entrance dimensions 
At the start of the EFR, the entrance dimensions 
were still quite large, following a major catchment 
inflow in July when the entrance was scoured. The 
contours for the three surveys are quite similar in 
basic pattern (see Fig. 5), indicating that the initial 
entrance capacity was large enough to 
accommodate the EFR without substantial change. 
Between Trips 1 and 2 there was some elongation 
of the channel towards the ocean and its form 
became more streamlined as a result of the 
increased flow through the entrance. The cross 
sectional areas below -1m AHD changed only 
slightly, but the shore line at about 0m AHD at the 
estuary end and mid-way along the channel 
widened significantly. Thus the cross sectional 
areas available for flow did increase, particularly 
for conditions near HW when the tide in the 
entrance is flooding. By Trip 3 on 29th October, the 
entrance had been modified on the western side 
by a significant washover deposit from a coastal 
storm on 25th October that caused a narrowing of 
the entrance. 
 
Figure 5   Hydrographic surveys of the Snowy River entrance, depth contours m below 0.0 AHD. Trip 2 shows 
deepening in the seaward part of the channel following the EFR peak; Trip 3 followed an overwash event with sand 
deposited in the intertidal zone on the west at the estuary end and the east on the seaward end 
385
5. Discussion 
To fill in the picture of entrance change between 
the surveys, the entrance velocity, u, and a 
measure of the potential sediment transport, Qu2 
(where Q is the total discharge through the 
entrance), were calculated over the period of the 
study. The instantaneous flow through the 
entrance comprises the river inflows from the 
Snowy and Brodribb Rivers, the tidal flows 
generated by the tidal prism of the estuary, and the 
flows generated by waterlevel fluctuations 
propagating in from the ocean.  Inflows from the 
Snowy and Brodribb Rivers are available from river 
gaugings with allowance being made for time of 
travel to the estuary, ungauged inflows and in-
channel storage. Tidal flows were calculated using 
the measured Marlo waterlevel changes multiplied 
by the plan areas of reaches of the estuary, each 
weighted according to its measured tidal range. 
Flows at the entrance at 15min intervals were then 
computed by adding these flows, each lagged 
appropriately. The velocity and Qu2 were obtained 
and the latter is plotted in Fig.6. This plot has not 
been scaled to units of sediment transport as no 
site calibration is available.  
 
 
Figure 6  Potential sediment transport parameter (Qu2),  
Snowy River inflow and Marlo tide during  EFR. The 
dominant role of the tide is clear even during the peak 
river flow. The tidally averaged value is positive (ebb) 
during high river flow and negative (flood) during lower 
flows and spring tides. 
 
Considering the Qu2 curve in Fig. 6, the tidal 
asymmetry is marked, particularly during spring 
tides 24-31/10/11, Flood transport was dominant 
during the spring tides when flows were lower after 
the peak of the EFR. The flood spike on 10 
October was due to a short term fluctuation in 
waterlevels. Fig. 7 shows that the cumulative 
potential sediment transport was in the ebb 
direction and rose throughout the rising limb, peak 
flow and subsequent high flows. It then fell during 
the spring tides. From 5 to 11 Nov, with neap tides 
and lower river flows, the peak potential transports 
were smaller and nearly in balance. An overwash 
event occurred on 25th October, just as the 
cumulative ebb potential transport peaked; 
thereafter the flood potential transport became 
dominant for several days. These events occurred 
between Trips 2 and 3 and it is possible that the 
maximum entrance section formed then. 
 
 
Figure 7  Values of Qu2, summed over the duration of 
the EFR, and Snowy River flow . Positive values denote 
the ebb direction. The cumulative potential sediment 
transport was in the ebb direction and rose throughout 
the EFR rising limb, peak flow and subsequent high 
flows, then fell during the spring tides 
 
The entrance state may be put into context by the 
use of attractors [1]. Using a very simple 
hydrodynamic and sediment transport model and 
performing thousands of model runs over 
thousands of tide cycles, long term quasi-
equilibrium states of the estuary were identified; 
these are the attractors of the estuary system. At 
very low flows, the estuary is drawn to the “river 
flow attractor”(Fig. 8) and is effectively closed with 
an elevation at or above mean sea level. At higher 
flows the tidal attractor has been shown to match 
the empirical O’Brien [5] tidal prism-inlet area 
relation. For a given river flow, if the depth exceeds 
the depth of the attractor, then deposition in the 
entrance channel is predicted. This will reduce the 
depth, moving the state of the estuary to the left 
towards the attractor; and conversely if the depth is 
initially smaller than that of the attractor. Both the 
hydrodynamic and sediment transport modules 
have been calibrated [1] but only a crude average 
longshore transport rate is available for this site 
and hence the model results may be subject to 
appreciable error. 
 
Fig. 8 shows the attractors for the Snowy estuary 
based on entrance breadth from Trips 1 and 2. Fig. 
8 shows that on each trip the depth exceeded the 
attractor depth and thus the entrance was naturally 
tending to reduce. Between Trips 1 and 2 the flow 
peaked, pushing the estuary state up and hence to 
the left of the tidal attractor and into a scouring 
state. Following the flood peak the estuary state 
moved down and hence to the right of the attractor, 
where the entrance is tending to accrete and 
contract. This is continuing in Trip 3, accelerated 
by the overwash event. Sediment supply to the 
entrance is primarily by coastal processes which 
are not explicitly included in either the potential 
transport or the attractor model although their 
effects are included in long term average sediment 
transport rates used in the modelling.  
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Figure 8  Attractors for the Snowy River estuary 
entrance. Crosses denote surveyed  values from the 
numbered field trips and in each case the estuary is 
slowly approaching the tidal attractor by accretion 
 
6. Conclusions  
The impact of the Spring 2011 environmental flow 
release (EFR) on the tides and morphology of the 
Snowy River estuary was assessed by estuary-
wide tide recording and 4 entrance surveys. It was 
found, as expected, that the high river inflow 
suppressed the low tides and raised the mean 
waterlevel, first at the upstream reaches and 
progressively downstream. The lower reaches of 
the estuary functioned as an extensive tidal lagoon 
and rose slowly, peaked briefly as the peak inflow 
arrived, then fell a day later. A tide record for the 
preceding 10 weeks was analysed using a moving 
window technique which showed that the 
amplitude of the dominant M2 tidal constituent fell 
and the phase increased over the 10 weeks. 
These changes are consistent with the entrance 
slowly constricting after the large flood in July 
2011. It is likely that the entrance was still 
significantly larger than under dry-weather flows, 
possibly close to equilibrium for the EFR. 
 
Despite this, the entrance cross sections did 
increase through the inter-tidal zone, increasing 
channel areas near high tide or during a high river 
flow. The use of the parameter Qu2, proportional 
to sediment transport capacity, provided an 
indication of the entrance morphology changes 
over the entire study period. It showed that the 
instantaneous transport was dominated by the tide 
but the net transport was determined by the river 
flow and tidal asymmetry. The cumulative potential 
transport was in the ebb direction during the rise, 
peak and the most of the recession of the EFR, it 
then changed to flood dominant for several days 
before falling to near zero. Strongly ebb-dominant 
transport would have scoured the channel as the 
EFR did not have the power to carry sediments to 
the inlet area, while flood-dominant transport was 
potentially accreting but dependent on coastal 
processes for sediment supply. During a storm on 
25 October an overwash event occurred, 
depositing a large volume of sand in the intertidal 
zone of the inlet. 
 
The trends towards scouring or accretion of the 
inlet channel were assessed using an attractor plot 
that showed the long-term average states of the 
estuary as a function of river flow and entrance 
depth. This plot showed that the estuary was very 
close to the tidal attractor and, prior to the EFR, 
the entrance channel would have been contracting 
slowly. During the EFR it rose and crossed into the 
scouring part of the diagram, then returned to the 
accreting part as the river inflow fell. It is probable 
that an EFR of this magnitude would erode an 
initially constricted channel to a size approaching 
that measured. 
 
The study has confirmed the findings in [4] that 
tidal patterns within the estuary are strongly 
affected by both river flow and the state of the 
entrance with the entrance condition being a 
significant driver of water exchange in the Snowy 
River Estuary. The entrance dimensions and 
hydraulic resistance are in turn dependent on river 
flow, tides and coastal processes. The present 
data set provides a useful characterization of a 
moderate size catchment flow and a prediction of 
the likely effects of an EFR of this magnitude with 
the entrance in a wide-open condition.  This 
extends the data available for calibration of 
hydrodynamic models as well as adding to the 
dataset available for the characterization of the 
relationship between entrance condition and tidal 
exchange in the estuary. 
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